1996). This activity was detected in the region of the origin is controversial. Here, we show, in Xenopus, aorta, gonads, and mesonephros, which therefore bethat the yolk sac (VBI) and intraembryonic (DLP) blood came known as the AGM. The current view is that the compartments derive from distinct blastomeres in the AGM derives from the P-Sp. These studies supported 32-cell embryo. The first adult hematopoietic stem the view that the yolk sac was the source only of embrycells ( 
embryonic and adult blood characteristics can be obResults tained from blood precursors derived from the yolk sac (Kennedy et al., 1997) . Thus, the idea that adult blood
The Posterior VBI and the DLP Derive cells originate from the yolk sac and migrate to various from the Ventral Marginal Zone of the Blastula Stage Embryo, compartments of the developing embryo to receive inwhereas the Anterior VBI struction and eventually differentiate is still very much Derives from the Dorsal alive. Transplantation analysis in the Xenopus embryo Marginal Zone has also been interpreted to support this model, where
The mesoderm forms at the interface between future a common origin for the embryonic blood compartment, endoderm and future ectoderm in Xenopus embryos. the VBI, and the adult compartment, the DLP, has been This region is called the marginal zone in the blastula implied (Turpen et al., 1997) .
embryo. Early fate mapping experiments showed that We therefore decided to reinvestigate the whole lateral plate mesoderm, which includes the VBI that question in Xenopus embryos using lineage labeling in gives rise to embryonic blood, was predominantly deconjunction with hematopoietic molecular markers to rived from one side of the marginal zone opposite to identify the blood precursors. We show that the hemato- Cells from the VMZ remain posterior throughout the VMZ contribution to the pVBI, D4 was labeled ( Figures  2D-2G ). ␤-gal staining showed that mesoderm anterior neurula and tail bud stages of development ( Figure 1A) . Indeed, as suggested by Lane and Smith (1999) , this to the proctodeum became labeled ( Figure 2E , red arrow) in 84% of the embryos studied (Table 1) Figure 2H ), including the aVBI (red arrow) in 62% of embryos studied 1B, red arrows). Transverse sections confirmed that the cells in the VBI labeled from DMZ injections are express- (Table 1) . No staining was detected in either the pVBI or the DLP ( Figure 2H and Table 1 ). To determine if D1 ing GATA-2 ( Figure 1B, 26c and 26d) . We therefore conclude that the VBI consists of two populations of cells also contributes to the aVBI, this blastomere was lineage labeled ( Figure 2I and Table 1 ). Ninety-one percent of derived from opposite ends of the marginal zone: the anterior (aVBI) cells derive from the DMZ and the posteembryos were labeled in the aVBI (red arrow). In over half the embryos, a few cells were also detected in the rior cell mass (pVBI) is descended from the VMZ. These conclusions are consistent with the observations of othanterior end of the pVBI (Table 1) Figures 2N-2S Table 1 ). Labeled embryos were nor the vitelline veins (arrowhead) were labeled. We also scored for contributions to other tissues and comtherefore conclude that the primary origin of the blood pared to existing fate maps (Dale and Slack, 1987;  precursors in the DLP is blastomere C3, a blastomere Moody, 1987) as a check on the accuracy of targeting that does not contribute to the VBI (Table 1) . of the injections. The numbering system used for the A summary of the blastomeres that contribute to the 32-cell embryo was as described (Nakamura and Kishiprimitive and definitive blood regions of the stage 26 yama, 1971). Briefly, the embryo is oriented with the embryo is shown in Figure 2 (d) are found within and ventral to the aorta, which is ducts (black arrowheads) and the aorta (red arrowheads), the mesenchyme ventral to the aorta is indeed indicated with a red arrowhead. The pronephric ducts express GATA-3 (e) and are indicated by the black arlabeled (red arrows). When one takes into account that the ␤-gal is located in the nuclei and confined to one rowheads. We therefore conclude that the expression of hematopoietic genes reappears in cells associated side of the embryo, because only one of the two C3 blastomeres was injected, we can see that all the cells with the ventral aspect of the dorsal aorta in Xenopus in a manner consistent with other vertebrates. between the pronephric ducts and the aorta are positive. We therefore conclude that all the cells expressing heIn order to determine where these hematopoietic cells have come from, we examined embryos injected with matopoietic genes in and beneath the dorsal aorta derive from the C3 blastomere, which gives rise to the ␤-gal RNA into the C3 blastomere ( Figure 4B ). These embryos were labeled very clearly in the DLP at stage DLP and makes no contribution to the primitive blood in the VBI. 26 (Figures 2N-2S) . Staining of whole embryos for ␤-gal at stage 43 reveals that cells derived from C3 can still be detected, with the pronephros (PN) and the pronephric Discussion ducts (PD) clearly labeled ( Figure 4B, a) . To determine if cells associated with the ventral aspect of the aorta were labeled with ␤-gal RNA, sections were taken The origins of the first adult hematopoietic stem cells (HSCs) has remained controversial. Essentially, there throughout the labeled area of the embryo. Figure 4B , b and c, show clearly that, in addition to the pronephric are two models that are thought to be consistent with . Thus, no distinction was made between the two blood compartments and "lateral plate" encompassed ming of adult HSCs is to be fully understood. In particular, the embryonic signaling regimes experienced by both VBI and DLP. However, taking into account the nonhematopoietic tissues scored in et al., 1999 ). embryos and therefore label the circulating embryonic blood, which we have confirmed (data not shown). In
Lineage labeling in
In apparent contrast, the Xenopus homolog of AML-1, Xaml, is expressed in the VBI and not in the DLP (Tracey contrast, in our regularly cleaving embryos, the C3 and D3 blastomeres gave rise to circulating cells at stage et al., 1998) (data not shown). However, by looking later in development and at sections, we were able to detect 41 in only 2/17 embryos (data not shown). The results we present in this paper clearly show that the determistrong Xaml expression in the mesenchyme associated with the floor of the dorsal aorta. Thus, the association nants for the adult and embryonic blood lineages are physically separate in the embryo. In regularly cleaving of AML-1 with the adult lineage extends to amphibia and our data indicate that its expression is coincident embryos, they are confined to distinct blastomeres by the 32-cell stage, whereas in more irregularly cleaving with the reemergence of hematopoietic potential in this lineage. AML-1 expression has also been detected in embryos this may require one or two more cell cycles. 
